During patient monitoring, personalization is extremely important in order to achieve realistic results when determining the risk level based on the measurement of physiological characteristics. This requirement can be met by a system where neither the inputs nor their number are fixed but can be defined in a personalized way. In this article, that kind of flexible framework system is presented, with particular reference to its input factors and their measurement possibilities.
Introduction
Nowadays, mainly due to the aging population, there is an increasing need for patient monitoring systems. Many elderly people with chronic illnesses spend their days alone, without supervision, with a properly designed system that can save lives. As a result of technological advances, the devices are also ensured. Regrettable athlete tragedies have also highlighted that although the sport has a number of beneficial effects on the body, it may in some cases have harmful effects. There are a number of different measuring instruments available to assist in the operation of such a risk assessment system providing flexible inputs. Flexibility, in this case, means that neither the inputs themselves nor the number of the inputs are generally recorded, since the factors that need to be measured depend to a great extent on personal factors and the mode of motion chosen. During the evaluation, due to the nature of the inputs, the application of soft computing methods is justified, as there is no sharp limit for physiological characteristics [1] . In this paper, a fuzzy logic-based risk assessment framework is presented with emphasis on selecting inputs and measuring instruments.
The framework
The modular structure of the framework is applied as shown in Figure 1 . Each subsystem can be considered as a fuzzy inference system, which can be modified or enlarged separately. From the study point of view, the first subsystem is the most important, which evaluates the measured values of physiological characteristics. Here, the inputs and the number of them can be personalized according to the patient's history, medical recommendations and the chosen motion form [2].
The subsystem "Activity" evaluates the characteristics of motion, taking into account its intensity, duration and frequency. The group "Environmental Factors" is important for outdoor activity, since the temperature sensation is influenced by wind, and air humidity, so their combined effect on temperature can be taken into account.
In each subsystem, a Mamdani-type inference system performs the evaluation, in which IF condition is THEN consequence-shaped natural language rules are applied. 
Inputs determination
In defining the inputs, as mentioned earlier, personal attributes are taken into account. In order to assist this, the patient's data is stored in a personal profile, including the parameters that need to be monitored for each motion form. Inputs may be different for different patients in the same sporting activity, or, in the same patient different modes of motion can justify monitoring other factors, as illustrated in Table 1 . When determining the inputs (the physiological characteristics to be measured), the personal profile, patient history and medical recommendations are taken into account or can be influenced by the available devices. The essential, and therefore, the most commonly used input is the heart rate but blood pressure and the number of breaths are also of great importance. It is also important to note that the evaluation is done in real time, so it is necessary to weigh the fact of whether the measurement of additional input factors gives us as much additional information so it's worth affording a slower evaluation and to use devices that may be a constraint for the user, or not.
Measuring device selection
When selecting the measuring devices, it is important to provide a natural environment, so as to not to interfere with the user while doing the activity, therefore it is essential to use wireless technology and it is important that do not use invasive intervention. The natural environment is not only important in terms of comfort but in some cases, it may even affect the measurement result, if the usage of the device causes stress for the patient, resulting in a false, higher measured value, rendering the evaluation unreliable. In this paper, the selection aspects of the heart rate and blood pressure measurement devices are introduced.
The heart rate measurement can be done on different principles. The simplest but at the same time the least reliable value is obtained if the pulse on the wrist is measured, which senses the pulsation of the blood vessels as a mechanical stimulus. The more modern solution is the optical pulse measurement when wearing the sensor around the forearm or upper arm and it calculates the heart rate using an algorithm based the capillary expansion while the LED illuminates the skin. However, if rapid pulse changes are to be expected, this method cannot be used because it can follow the change with difficulty and slowly, so it is not safe to use for risk assessment where filtering sudden changes is very important. Such a device is the Polar OH1 optical heart rate sensor.
The most reliable method is when electrodes in a chest transmitter detect the electric pulse generated by the contraction of the heart muscle and transmit it to the program, thus providing an ECG precision measurement [3] . There are several heart rate monitors that use this technology, including Polar, TomTom Runner, and Brighton Rider. For this research, the Polar V800 was chosen which can be used even during swimming thanks to its water resistance. Data is transmitted via Bluetooth to the computer or mobile phone. Automatic blood pressure measuring devices operate in such a way that a cuff, wrapped around the patient's arm is inflated and the pressure of the brachial artery, or in some cases of the radial artery, is measured by a sensor during deflation. The systolic and diastolic blood pressures are obtained from the measured pressure waveform, with a company-dependent mathematical algorithm, which determines the accuracy of the device [4]. For example, the blood pressure monitors, Omron M7 measuring on the upper arm, or iHealth BP7 measuring on the wrist, can be connected to a mobile phone.
The evaluation process
During the evaluation, first the measured input values must be fuzzified, i.e., the degree of belonging to each set must be given for each input belonging to the current subsystem. In the case of a heart rate, membership functions for a 37-yearold female patient are shown in Figure 2 ., which can be defined by (1) .
where a i , b i , c i , d i is the membership function parameters, by changing these, the functions can be shifted to the desired direction according to the user's capabilities. Measurement uncertainties and inaccuracies are also treated here by defining the parameters as the slope, support and core of the function can be controlled.
Then the firing strength is determined, where the fuzzy values are aggregated, usually by using a conjunction operator. In this case, the product operator is used (2).
(2)
where m is the number of inputs in the subsystem since combinations of the fuzzy sets of each input can be used to generate the rule premises.
The values obtained are used in the Mamdani-implication in order to determine the extent to which the rule applies to the final conclusion. The following relationship is applied to the firing strength and the consequent set belonging to the given rule:
As a next step, the resulting sets are defuzzified by rules (4) , and then these discrete values are aggregated (5) to generate the overall risk level for the given subsystem. 
Conclusions
For patient monitoring systems, personalization is a basic requirement. Reliable results can only be obtained by considering the patient's features, history, and medical recommendations. The choice of inputs should, therefore, be flexibly addressed. The author has developed a framework that can handle a different number and type of inputs during the evaluation and due to device selection; it can be applied to both a mobile phone and a computer.
